10/5686X0 

JAR20 Rec'd rGT/PTD 16 FEB 2O0§- 



VERIFICATION 



I, Toshiji Sasahara, translator, declare that I am well 
acquainted with the Japanese and English languages and that the 
appended English translation is a true and faithful translation of 

PCT application No. PCT/ JP2004/0113 95 filed on August 2, 2004 
in Japanese language. 



Date: February 9, 2006 




Toshi j i Sasahara 



- 1 - 



DESCRIPTION 
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MULTI-CHIP-TYPE SEMICONDUCTOR DEVICE 



5 Technical Field 

The present invention relates to a mult i-chip- type 
semiconductor device having a plurality of semiconductor chips 
packed in one package. 



Background Art 

In a multi-chip-type semiconductor device in which a 
plurality of semiconductor chips are connected and resin-molded, 
connections between the semiconductor chips are made in various 
forms. For example, connections between the semiconductor 
chips may be made by means of a bonding wire . The semiconductor 
chips may be superposed one on another in a chip-on-chip 
structure and electrical connections between the semiconductor 
chips may be made by means of bumps. Further, electrical 
connections between the plurality of semiconductor chips may 
20 be established by joining the semiconductor chips together 
on a wiring substrate. 

The reason for packing a plurality of chips in one package 
is that, for example, in the case of LSI with a need for 
high-frequency signal processing and low-frequency-based 
25 processing, frequency characteristics high enough for 
high-frequency signal processing cannot be obtained if 
integration in one chip is performed by using a process for 
low-frequency use, and an increase in cost results if 
integration in one chip is performed by using a process for 
30 high-frequency use. In such a case, semiconductor chips may 
have different withstand voltages and there are various 
problems to be solved . 

For example, a technique described in Japanese Patent 
Laid-Open No. 2000-332193 is a solution to a problem in testing 
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the operation of a multi-chip-type semiconductor having chips 
of different withstand voltages packed in one package. 

Asolutiontoa problem relating to serial data transmission 
will be described with reference to FIG. 6. 
5 FIG. 6 is a block diagram showing the configuration of 

a conventional multi-chip-type semiconductor device having 
chips of different withstand voltages packed in one package, 
i.e., a multi-chip-type semiconductor device having a first 
semiconductor chip 1 and a second semiconductor chip 2 packed 

10 in a package 3. The first semiconductor chip 1 has a first 
serial decoder 6 and external connection portions 13, while 
the second semiconductor chip 2 has a second serial decoder 
5 and external connection portions 23. 

A voltage source 7 is connected to a microcomputer 8 and 

15 to the first semiconductor chip 1. A group of serial data 
supplied from the microcomputer 8 is supplied to the first 
semiconductor chip 1 via serial data external connection 
terminals 12. The voltage of another group of serial data 
supplied from the microcomputer 8 is reduced by a voltage 

20 conversion circuit 21 and the data is thereafter supplied to 
the second semiconductor chip 2 via serial data external 
connection terminals 22. 

The groups of serial data supplied from the microcomputer 
8 are output to the first semiconductor chip 1 and the second 

25 semiconductor chip 2 in parallel with each other to control 
circuits in the first and second semiconductor chips 1 and 
2 . 

The first semiconductor chip 1 is a high-withstand-voltage 
chip, while the second semiconductor chip 2 is a 
30 low-withstand-voltage chip. The withstand voltage value of 
the low-withstand-voltage chip is equal to or lower than the 
voltage value oft he serial data supplied from the microcomputer 
8 . 

In the serial transmission system of the conventional 
35 multi-chip-type semiconductor device shown in FIG . 6, however, 



serial data external connection terminals 22 are required to 
externally supply the serial data to the low-withstand-voltage 
chip. The number of pins and, hence, the mount area, is 
increased and it is difficult to reduce the overall size of 
the package . Moreover, there is a need for the external voltage 
conversion circuit 21 and an increase in cost results. 

The present invention has been achieved in consideration 
of the problem of the conventional art, and an object of the 
present invention is to provide a mult i-chip-type semiconductor 
device capable of transmitting serial data while having such 
a configuration that the number of external connection 
terminals is not largely increased and there is no need for 
an external voltage conversion circuit. 

Disclosure of the Invention 

The first invention in the present invention provided to 
achieve the above -described obj ect relates to a mult i -chip- type 
semiconductor device including a first semiconductor chip and 
a second semiconductor chip connected to each other in a package 
andhas features described below . The first semiconductor chip 
has a voltage conversion circuit, a plurality of first 
inter-chip connection portions for connection to the second 
semiconductor chip, a first serial decoder , external connection 
terminals led out of the package, and external connection 
portions for connection to the external connection terminals. 
The second semiconductor chip has a second serial decoder and 
a plurality of second inter-chip connection portions for 
connection to the first semiconductor chip. Bonding wires are 
also provided which directly connect the plurality of first 
inter-chip connection portions and the plurality of second 
inter-chip connection portions to each other. The 
semiconductor device is thus configured and serial data input 
through the external connection terminals is transmitted to 
the second serial decoder via the voltage conversion circuit, 



the first inter-chip connection portions and the second 
inter-chip connection portions. 

The second invention in the present invention relates to 
a multi-chip-type semiconductor device including a first 
semiconductor chip and a second semiconductor chip connected 
to each other in a package and has features described below. 
The first semiconductor chip has a voltage conversion circuit, 
a plurality of first inter-chip connection portions for 
connection to the second semiconductor chip, a first internal 
circuit, external connection terminals led out of the package, 
and external connection portions for connection to the external 
connection terminals. The second semiconductor chip has a 
second internal circuit and a plurality of second inter-chip 
connection portions for connection to the first semiconductor 
chip. Bonding wires are also provided which directly connect 
the plurality of first inter-chip connection portions and the 
plurality of second inter-chip connection portions to each 
other. The semiconductor device is thus configured and a 
control signal input through the external connection terminals 
is transmitted to the second internal circuit via the voltage 
conversion circuit, the first inter-chip connection portions 
and the second inter-chip connection portions. 

In the present invention, a high voltage can be applied 
to the first semiconductor chip, and the second semiconductor 
chip can have a withstand voltage lower than that of the first 
semiconductor chip and lower that the voltage of the serial 
data externally applied. 

Also, the first semiconductor chip and the second 
semiconductor chip can be made controllable by serial data 
from a microcomputer. 

These arrangements enable transmission of serial data and 
transmission of a control signal without directly applying 
a high voltage to the low-wi thstand-vol tage chip. 

According to the present invention, transmission of serial 
data and transmission of a control signal can be performed 



without directly applying a high voltage to the 
low-withstand-voltage chip, as described above. Thus, the 
provision of a mult i-chip-type semiconductor device capable 
of transmitting serial data while having such a configuration 
that the number of external connection terminals is not largely 
increased and there is no need for an external voltage conversion 
circuit is achieved* 

Brief Description of the Drawings 

FIG. 1 is a block diagram showing the configuration of 
a multi-chip-type semiconductor device in Embodiment 1 of the 
present invention; 

FIG. 2 is a block diagram showing the configuration of 
a multi-chip-type semiconductor device in Embodiment 2 of the 
present invention; 

FIG. 3 is a circuit diagram showing an example of a voltage 
conversion circuit of the present invention; 

FIG. 4 is a block diagram showing the configuration of 
a multi-chip-type semiconductor device in Embodiment 3 of the 
present invention; 

FIG. 5 is a circuit diagram showing an example of a second 
serial decoder input circuit in Embodiment 3 of the present 
invention; and 

FIG. 6 is a block diagram showing a conventional 
multi-chip-type semiconductor device . 

Best Mode for Carrying Out the Invention 

Embodiments of the present invention will be described 
with reference to the drawings. In the following description, 
components corresponding to those described with reference 
to FIG. 6 are indicated by the same reference numerals. 

FIG. 1 is a block diagram showing the configuration of 
a multi-chip-type semiconductor device in Embodiment 1 of the 
present invention. A first semiconductor chip 1 of a high 
withstand voltage and a second semiconductor chip 2 of a low 
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withstand voltage are connected to each other in a package 
3. 

The first semiconductor chip 1 has a voltage conversion 
circuit 4, a plurality of first inter-chip connection portions 
5 10 for connection to the second semiconductor chip 2, a first 
serial decoder 6, and external connection portions 13 for 
connection to external connection terminals 12 led out of the 
package 3. The second semiconductor chip 2 has a second serial 
decoder 5 and a plurality of second inter-chip connection 
10 portions 11 for connection to the first semiconductor chip 
1. 

Further, bonding wires 9 are provided which directly 
connect the plurality of first inter-chip connection portions 
10 and the plurality of second inter-chip connection portions 

15 11 to each other. The voltage of serial data input through 
the external connection terminals 12 is reduced by the voltage 
conversion circuit 4 and the serial data is then supplied to 
the second serial decoder 5 via the first inter-chip connection 
portions 10 and the second inter-chip connection portions 11. 

20 FIG. 2 is a block diagram showing the configuration of 

a multi-chip-type semiconductor device in Embodiment 2 of the 
present invention. A first semiconductor chip 1 has a voltage 
conversion circuit 4, a plurality of first inter-chip 
connection portions 10 for connection to the second 

25 semiconductor chip 2, a first internal circuit 14 , external 
connection terminals 12 led out of the package 3, and external 
connection portions 13 for connection to the external 
connection terminals 12. The second semiconductor chip 2 has 
a second internal circuit 15 and a plurality of second inter -chip 

30 connection portions 11 for connection to the first 
semiconductor chip 1. 

Further, bonding wires 9 are provided which directly 
connect the plurality of first inter-chip connection portions 
10 and the plurality of second inter-chip connection portions 

35 11. The voltage of a control signal input through the external 



connection terminals 12 is reduced by the voltage conversion 
circuit 4 and the control signal is then supplied to the second 
internal circuit 15 via the first inter-chip connection 
portions 10 and the second inter-chip connection portions 11. 

FIG . 3 is a circuit diagram showing an example of the voltage 
conversion circuit 4 in this embodiment having a power supply 
voltage terminal 31, a low-withstand- voltage power supply 
terminal 32, a serial data input terminal 33, an output terminal 
34, a GND terminal 35, a reference voltage terminal 36, a 
constant-current source 37, resistors 38-1 and 38-2, a PNP 
differential pair transistors (Tr) 39, and current mirror 
circuits 40-1 to 40-3. 

The power supply voltage terminal 31 is connected to a 
power supply 7 ; the low-withst and- volt age power supply terminal 
32 to a power supply voltage set equal to or lower than the 
withstand voltage of the low-withstand-voltage chip; the serial 
data input terminal 33 to the serial data external connection 
terminal 12; and the output terminal 34 to the first inter-chip 
connection portion 10. 

The same amplitude of voltage as that of the power supply 
7 is input to the serial data input terminal 33. One of the 
PNP differential pair transistors 39 is turned on or off 
depending on whether this amplitude of voltage is higher or 
lower than a voltage applied to the reference voltage terminal 
36. Simultaneously, one of the current mirror circuits 40-1 
and 40-2 is turned on or off. A serial data signal having the 
same amplitude value as the power supply voltage applied to 
the low-withstand-voltage power supply terminal 32 is finally 
obtained . 

The above-described arrangement is capable of 
transmitting serial data and a control signal without directly 
applying a high voltage to the low-withstand-voltage second 
semiconductor chip 2. 

FIG. 4 is a block diagram showing the configuration of 
a multi-chip-type semiconductor device in Embodiment 3 of the 
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present invention. A high-withs tand-voltage chip 1 has a 
withstand voltage of 10 V and a power supply changes to 7 V 
at the maximum. A low-withstand-vol tage chip 2 has a withstand 
voltage of 3.6 V . 
5 The power supply 7 is connected to a power supply 31 for 

a voltage conversion circuit 4 and to a power supply terminal 
of a 3 V regulator 50. An output of the 3 V regulator 50 is 
connected to a power supply terminal 53 of an input circuit 
of a second serial decoder 5 via an output-side power supply 
10 32 of the voltage conversion circuit 4, bonding wires 9, a 
plurality of first inter-chip connection portions 10 and a 
plurality of second inter-chip connection portions 11. 

Output terminals 34 of the voltage conversion circuit 4 
are connected to input terminals 54 of the input circuit of 
15 the second serial decoder 5 via the bonding wires 9, the plurality 
of inter-chip connection portions 10 and the plurality of second 
inter-chip connection portions 11. 

FIG. 5 shows the input circuit of the second serial decoder 
5 having the input terminal 54, an output terminal 56 connected 
20 to a circuit in a following stage, the power supply terminal 
53 and a ground terminal 55. 

In the above-described arrangement, serial data having 
an amplitude of 7 V at the maximum is voltage-converted into 
serial data the amplitude of which is limited to 3 V, which 
25 is supplied to the low-withstand-voltage chip 2 without 

exceeding the withstand voltage of the low-withstand-voltage 
chip 2 . 

Industrial Application 

30 The present invention is applied to a multi-chip-type 

semiconductor device having a plurality of semiconductor chips 
packed in one package and is implemented particularly 
effectively as a multi-chip-type semiconductor device capable 
of transmitting serial data while having such a configuration 

35 that the number of external connection terminals is not largely 
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increased and there is no need for an external voltage conversion 
circuit . 



